The surface chemistry of adsorbed halogeI n atoms on 51(100) has been studied using several surface science methods. It has been found that Cl atoms bond to dangling bonds on symmetric Si2 dimer sites, and that the Si-Cl bond angle is tilted from the normal in the vertical plane containing the Si 2 dimer bond. The covalently-bonded halogens .cl, Br, and I have been studied on Si(l0O) using atomic hydrogen bombardment at low substrate temperatures (300 -630 K). in all cases, facile elimination of the hydrogen halide occurs, and the coverage of halogen may be driven to zero by moderate exposure to atomic hydrogen. L
The halogen extraction process is almost non-activated, DD 'On"suggesting that the chemical reaction to produce hydrogen DO w 7 halide species is driven by the potential energy carried by the atomic hydrogen species. This is an example of an Eley-Rideal reaction process and provides a potentially 4 gm.,aaed useful new approach for controllircg atomic layer chemistry NG Wo 00261*1 on semiconductors. 
III. Results and Discussion
A. Structure of Chemisorbed Cl on Si (100) At 100 K, two Cl-related vibrational modes are observed at 600 cm, 1 and at about 300 cm-1 . The 600 cm -1 mode is due to the SI-Cl stretching mode of the inclined Si-Cl bonds.
Its frequency and intensity remains almost constant as the heating process occurs. The weak mode at about 300 cm -1 is assigned to a bridging-Cl species, linked between two
Si atoms in a dimer pair on the Si(100)-(2 x 1) surface.
The good analogy to the vibrational frequency of bridgingCl in compounds such as A1 2 C1 6 was employed to make this assignment [9] . The vibrational behavior suggests that the bridging-Cl species is a minority species, since the intensity of the 600 cm -1 mode does not vary significantly during the heating process as the 300 cm -1 mode decreases in intensity. The bridging-Cl species is metastable with respect to the inclined Si-Cl species, which is the most stable species on Si(100). Similar behavior was observed in the theoretical calculations of Wu and Carter [10] for F on Si(100), except that an energy barrier for the bridgeto-inclined Si-F structure was not predicted theoretically. The large change observed in the Cl + ESDIAD pattern for the heating range 100 K -673 K is related to the high ESD cross section for Cl + production from the small surface coverage of bridged-Cl which exists below 673 K.
B. Facile Extraction of Chemisorbed Halogen Atoms by

Atomic Hydrogen
The Si-Cl bond may be broken easily by bombarding the surface with atomic hydrogen, produced on a hot tungsten filament in the ultrahigh vacuum system containing a low pressure of molecular hydrogen(1l]. Figure 4 shows the behavior of the Cl surface coverage, along with similar measurements made for adsorbed Br and adsorbed I on Si(100). These measurements have been made in a way in which the small effect of the Auger electron beam on the halogen coverage has no effect on the interpretation. The fitted curves are best fits to first-order kinetics in halogen surface coverage at a surface temperature of 300 K. It is seen that the relative rate of halogen extraction is I > Br > Cl. A similar trend has been observed in gas phase studies for the reaction of atomic hydrogen with the methyl halides to produce hydrogen halide species [12] .
The bromine extraction rate was studied as a function of the pressure of H 2 used in the chamber, as seen in Figure 5 . The flux of atomic hydrogen is known to be proportional to the H 2 pressure under these conditions [13] . As the hydrogen pressure is increased, The potential energy of the atomic hydrogen is 52 kcal/mol compared to 1/2 H 2 (g), and this energy is the primary driver for the halogen extraction process observed.
The Eley-Rideal process observed for atomic hydrogen as a reagent is potentially important for a wide range of 9 surface chemistry. Other gas phase free radical species may be expected to be active in similar extraction processes on surfaces, and we will have to await future experiments before knowing the full implications of these first observations involving the most simple free radical species, atomic hydrogen. In particular, the use of atomic hydrogen extraction procedures for removal of surface halogen ligands (present in atomic layer epitaxy processes involving monolayers of group IV halide species)
is expected to be of importance.
C. Extraction of Adsorbed Methyl Groups with Atomic
Hydrogen
The chemisorption of methyl iodide, CH3I, on Si(100) has been shown to be an efficient way to produce surface methyl groups which are stable up to about 600 K [14, 15] .
Therefore, we have employed CH 3 I as a source of CH 3 (a), and have studied the effect of bombardment by atomic hydrogen of the covalently-bonded cH 3 groups. Figure 7 shows the surface temperature dependence of the rate of removal of carbon (as CH 3 (a) species) by means of bombardment by atomic hydrogen. Compared to the exposures needed for halogen extraction (Figure 3) , atomic hydrogen is much less effective in removing methyl groups from the surface. In addition, the temperature dependence of the rate of the methyl extraction process is opposite to that seen for the halogen extraction process. In the case of methyl extraction, the rate decreases above a surface temperature of about 450 K.
Thermal desorption studies show that CH 3 SiH 3 (g) is evolved following atomic hydrogen bombardment of CH 3 (a) [15 ] . In addition, SiH 4 (g) is also evolved in the same temperature range near 600 K. The loss of surface methyl therefore occurs as a result of atomic hydrogen etching of the Si (100) 
